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Description 
Flexible tube 

Technical field 

The present invention relates to a flexible tube to be provided in an 
exhaust system for an engine. 

Background art 

An exhaust system for releasing exhaust gas from an automobile engine 
to the outside environment is explained below. Fig. 8 (a) shows a cutaway 
perspective view of an exhaust system connected to an engine of a 
conventional or existing automobile. 

As shown in Fig. 8 (a), an exhaust system A includes- an exhaust 
manifold Ml for collecting exhaust gas from cylinders of an engine E; a 
flexible tube PI connected to the exhaust manifold Ml; a catalytic converter 
C for purifying toxic components in the exhaust gas by oxidation with 
catalysts; a center pipe P2; a muffler M3 for attenuating the throbbing of the 
engine E utilizing the principles of sequential expansion of the exhaust gas, 
resonance, interference and absorbance of sonic waves, cooling of the gas and 
the like; and a tail pipe P3. Depending on types of automobiles, a sub 
muffler M2 (not shown) may be additionally disposed upstream of the muffler 
M3. 

Fig. 8 (b) shows a schematic diagram of (a), and Fig. 8 (c) is a diagram in 
which the flexible tube PI is placed downstream of the catalytic converter C. 

As for conventional flexible tubes, those disclosed in patent documents 
have been known (for example, see Japanese Kokai unexamined patent 
publication No. 9-268913). Fig. 9 shows a half sectional view of a 
conventional flexible tube. As shown in Fig. 9, a flexible tube 80 is disposed 
between the engine E and the catalytic converter C on the exhaust path from 
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the engine E. The flexible tube 80 includes^ an end pipe 82 which is an inlet 
to be connected to the exhaust path from the engine E; an end pipe 83 which 
is an outlet to be connected to the catalytic converter C" a bellows-shaped 
tube main body 84 made of metal; and a heat guard tube 85. 
5 Both end parts of the tube main body 84 are fit onto the respective end 

pipes 82 and 83, and welded to the end pipes 82 and 83, together with the 
corresponding pipe sleeves 86 held on the outer periphery of the end parts of 
the tube main body 84. Each of the end pipes 82 and 83 has steps so that 
the part of the end pipe closer to a middle section of the flexible tube has a 

10 smaller diameter. Inside the tube main body 84, a heat guard tube 85 is 
provided in such a manner that it spans the space between the inner end 
parts of the pipes 82 and 83. 

The heat guard tube 85 is formed of cylindrical cloth woven out of 
carbon fiber, and flexible fiber material is used in order to lessen the harmful 

15 effect of heat on the tube main body 84, to attenuate noise and to reduce heat. 

However, this fiber cloth has a problem in that high-temperature 
exhaust gas easily leaks out through space left between the fibers and 
reaches the outer bellows, having harmful effects on durability, spring 
property and the like of the outer bellows. 

20 In addition, exhaust sound also passes through space left between the 

fibers, reaches the outer bellows, and then leaks out from the flexible tube 80, 
thus increasing exhaust noise. 

In the case where the flexible tube 80 is located upstream of the 
catalytic converter C, exhaust gas of high temperature directly reaches the 

25 outer bellows through space left between the fibers. Therefore, during the 
initial period of engine start-up, the temperature of the exhaust gas becomes 
lower and the temperature rise of the exhaust gas to be fed into the catalytic 
converter C takes longer, resulting in poor performance capability to purify 
the exhaust gas. 
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It should be noted that the flexible tube PI according to the 
conventional art corresponds to what is called an exhaust pipe. 

Accordingly, the present invention was made with the view toward 
solving the above-mentioned problem, and an object thereof is to provide a 
5 flexible tube disposed downstream of the exhaust path from the engine, 
which may have the following advantages- sound insulation effect is 
improved; the exhaust efficiency is improved to thereby increase the output 
performance of the engine; the exhaust gas temperature reaching the outer 
bellows are suppressed to thereby improve durability of the flexible tube 
10 itselfi and especially in the case of the flexible tube disposed upstream of the 
catalytic converter, the lowering of the exhaust gas temperature is prevented 
to thereby speed up the temperature rise of the exhaust gas to be fed into the 
catalytic converter, so as to promote the activation of the catalysts and 
improve the capability to purify the exhaust gas. 

15 

Disclosure of invention 

The flexible tube according to the present invention as set forth in 
Claim 1 is a flexible tube to be disposed on an exhaust path for exhaust gas 
from an engine, the tube including an outer bellows that is an outer tube 
20 having a flexible part with bellows, and an inner bellows that is an inner tube 
having a flexible part with bellows, the inner tube being fixed to one open end 
part of the outer bellows, wherein a gap as a buffering space is provided 
between bottoms of the pleats of the outer bellows and tops of the pleats of 
the inner bellows. 

25 According to the invention of Claim 1, by providing a gap as a buffering 

space between bottoms of the pleats of the outer bellows and tops of the 
pleats of the inner bellows, the amounts of exhaust noise and heat released 
from the inner bellows are suppressed by the buffering space, thus durability 
of the outer bellows is improved, and the amounts of exhaust sound and heat 



released from the outer bellows can be reduced. In addition, in a case of a 
flexible tube disposed upstream of the catalytic converter, the lowering of the 
temperature of the exhaust gas to be fed into the catalytic converter is 
suppressed, leading to quick temperature rise of the exhaust gas to be fed 
into the catalytic converter, thus resulting in improved capability to purify 
exhaust gas. 

The invention according to Claim 2 is a flexible tube according to Claim 
1, wherein an overlapping space is provided where the inner bellows and an 
auxiliary pipe overlap each other, the inner bellows being fixed to an exhaust 
gas inlet of the outer bellows and extending toward an exhaust gas outlet 
thereof, the auxiliary pipe being fixed to the exhaust gas outlet of the outer 
bellows and extending toward the exhaust gas inlet?" and an interference 
prevention member is held in the overlapping space. 

According to the invention of Claim 2, by holding the interference 
prevention member in the overlapping space between the inner bellows and 
the auxiliary pipe, the interference between the outer bellows and the inner 
bellows is avoided, the vibration of the outer bellows is absorbed, the stress in 
the inner bellows caused by heat is resolved, and thus durability of the inner 
bellows is improved. 

The invention according to Claim 3 is a flexible tube according to Claim 
2 wherein the interference prevention member is positioned utilizing a 
plurality of protrusions formed in the overlapping space for determining a 
longitudinal position thereof. 

According to the invention of Claim 3, by holding the interference 
prevention member between the protrusion formed on the outer periphery of 
the inner bellows and the protrusion formed on the inner periphery of the 
auxiliary pipe, the longitudinal position is guided. Alternatively, the 
longitudinal positioning of the interference prevention member is guided by 
holding the interference prevention member between two protrusions formed 
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on the inner bellows, or two protrusions formed on the auxiliary pipe. 

The invention according to Claim 4 is a flexible tube according to Claim 
2 wherein the interference prevention member is made of mesh wire. 

According to the invention of Claim 4, by making the interference 
5 prevention member of mesh wire, sound insulation effect is improved, the 
difference in expansion between the outer bellows and the inner bellows 
caused by high temperature is easily absorbed and the generation of stress is 
suppressed, leading to improvement in durability and absorption of the 
vibration. 

10 The invention according to Claim 5 is a flexible tube according to Claim 

1 wherein the pleats of the inner bellows are smaller in depth and pitch than 
those of the outer bellows. 

According to the invention of Claim 5, by configuring a double structure 
tube with the pleats of the bellows of the inner bellows being smaller in depth 

15 and pitch than those of the outer bellows, the flexible tube becomes compact 
with a high packing degree. Moreover, since the flexibility is fully 
maintained and turbulence in the exhaust gas is suppressed, the loss of the 
flow is reduced, leading to the improvement in the flow efficiency and thus in 
the output of the engine. 

20 The invention according to Claim 6 is a flexible tube according to Claim 

1 wherein an overlapping space is provided where the outer bellows and the 
inner bellows overlap each other, the outer bellows being fixed to an outlet of 
the exhaust gas from the engine and the inner bellows extending toward an 
exhaust gas outlet, and an interference prevention member is held in the 

25 above-mentioned overlapping space. 

According to the invention of Claim 6, by providing the overlapping 
space where the outer bellows and the inner bellows overlap each other, no 
auxiliary pipe is necessary and the structure becomes simple, and therefore 
the loss of the flow is reduced, leading to the improvement in the flow 
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efficiency and the increase in the output of the engine, not to mention the 
reduction in cost. 

The invention according to Claim 7 is a flexible tube according to Claim 
6 wherein the interference prevention member held in the overlapping space 
5 has a nearly circular cross section. 

According to the invention of Claim 7, by making the cross section of the 
interference prevention member a nearly circle, sound insulation effect is 
improved, the exhaust efficiency is improved, and thus the output 
performance of the engine is increased. In addition, durability against free 
10 bend, shear and the like is improved. Moreover, the temperature of the 
exhaust gas reaching the outer bellows, which is generally high, is 
suppressed, leading to the improvement in durability of the flexible tube. 

The invention according to Claim 8 is a flexible tube according to Claim 
1 wherein an overlapping space is provided where the inner bellows and an 
15 auxiliary pipe overlap each other, the inner bellows being fixed to the exhaust 
gas inlet of the outer bellows and extending toward the exhaust gas outlet, 
and the auxiliary pipe being fixed to the outlet of the outer bellows and 
extending toward the inlet, and the inner bellows and the auxiliary pipe in 
the overlapping space are disposed with a gap therebetween that allows them 
20 to slidably move relative to each other. 

According to the invention of Claim 8, by disposing the auxiliary pipe 
and the inner bellows with a gap therebetween that allows them to slidably 
move relative to each other, the difference in expansion between the outer 
bellows and the inner bellows caused by high temperature is easily absorbed, 
25 and the generation of stress is suppressed. In addition, the temperature of 
the exhaust gas reaching the outer bellows, which is generally high, is 
suppressed, leading to the improvement in durability of the flexible tube. 

The invention according to Claim 9 is a flexible tube according to Claim 
1 or 2 wherein the overlapping space is rotatably and slidably configured to 
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have an interference prevention member provided between an auxiliary pipe 
and an outer periphery of the other end part of the inner bellows, in such a 
manner that permits the interference prevention member to slide in axial 
directions^ and wherein the interference prevention member includes an 
5 outer spherical surface having a radius R with a center thereof aligned on an 
axis of the inner bellows, and the outer spherical surface overlaps and 
rotatably engages with an inner spherical surface provided in the auxiliary 
pipe, the inner spherical surface having a radius R with a center thereof 
aligned on the axis of the inner bellows. 

10 According to the invention of Claim 9, by providing a rotatable 

overlapping space by providing the outer spherical surface (also referred to as 
"male form") having a radius R with the center thereof aligned on the axis of 
the inner bellows and the inner spherical surface (also referred to as "female 
form") of the auxiliary pipe, durability against tensile, compression, free bend, 

15 shear and the like is remarkably improved, leading to the flexible tube with 
prolonged life. 

The invention according to Claim 10 is a flexible tube according to any 
one of Claims 2, 6 and 7 wherein the inner bellows is separated into a 
plurality of pieces; on one end part of each piece, an outer spherical surface is 

20 provided so as to have a radius R with the center thereof aligned on the axis 
of the inner bellows; on the other end part of the adjacent inner bellows piece, 
an inner spherical surface is provided so as to have a radius R with the center 
thereof aligned on the axis of the inner bellows; and the outer spherical 
surface^and inner spherical surface pivotally support each other to provide a 

25 spherical joint that can rotatably slide. 

According to the invention of Claim 10, by separating the inner bellows 
into a plurality of pieces and by providing a rotatable and slidable spherical 
joint formed of the outer spherical surface and the inner spherical surface on 
the end parts of the pieces, durability against to free bend and shear is 
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remarkably improved, leading to the flexible tube with prolonged life. 

The term "inner bellows" means an inner tube on which bellows having 
stretchability, airtightness and spring property is formed, and those having 
only one pleat and having the form of outer spherical surface (male form) or 
5 inner spherical surface (female form) of a spherical joint are also referred to 
as "inner bellows". 

The invention according to Claim 11 is a flexible tube according to Claim 
9 wherein the inner bellows is separated into a plurality of pieces; on one end 
part of each piece, an outer spherical surface is provided so as to have a 

10 radius R with the center thereof aligned on the axis of the inner bellows; on 
the other end part of the adjacent inner bellows piece, an inner spherical 
surface is provided so as to have a radius R with the center thereof aligned on 
the axis of the inner bellows; and the outer spherical surface and inner 
spherical surface pivotally support each other to provide a spherical joint that 

15 can rot at ably slide. 

According to the invention of Claim 11, by separating the inner bellows 
into a plurality of pieces and by providing a plurality of rotatable and slidable 
spherical joints each formed of the outer spherical surface of the interference 
prevention member and the inner spherical surface, durability against free 

20 bend and shear is remarkably improved, leading to the flexible tube with 
prolonged life. 

The invention according to Claim 12 is a flexible tube according to 
Claim 10 wherein a ring-shaped interference prevention member is held on 
the outer periphery of the inner bellows; on the outer periphery of the 
25 interference prevention member, an outer spherical surface is provided so as 
to have a radius R with the center thereof aligned on the axis of the inner 
bellows; on the other end part of the adjacent inner bellows, an inner 
spherical surface is provided so as to have a radius R with the center thereof 
aligned on the axis of the inner bellows; and the outer spherical surface of the 
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interference prevention member and the inner spherical surface of the inner 
bellows pivotally support each other to provide a spherical joint that can 
rotatably slide. 

According to the invention of Claim 12, by providing the outer spherical 
5 surface having a radius R on the outer periphery of the ring-shaped 
interference prevention member, and by providing a rotatable and slidable 
spherical joint formed of the interference prevention member held by one end 
part of the inner bellows and the inner spherical surface on the other end 
part of the adjacent inner bellows, sound insulation effect of the interference 
10 prevention member is improved, the generation of stress in the outer bellows 
and the inner bellows at high temperature is suppressed, the vibration is 
absorbed, and durability against free bend, shear and the like is remarkably 
improved, leading to amplified effects and the flexible tube with prolonged 

15 The invention according to Claim 13 is a flexible tube according to 

Claim 12 wherein a plurality of the spherical joints is provided on the inner 
bellows. 

According to the invention of Claim 13, by providing a plurality of the 
spherical joints on the inner bellows, the generation of the stress is 
20 suppressed, the vibration is absorbed, and durability against free bend, shear 
and the like is remarkably improved. 

The invention according to Claim 14 is a flexible tube according to 
Claim 10 wherein a plurality of the spherical joints is provided on the inner 
bellows. 

25 According to the invention of Claim 14, by providing a plurality of the 

spherical joints on the inner bellows, the generation of the stress is 
suppressed, the vibration is absorbed, and durability against free bend, shear 
and the like is remarkably improved. 

The invention according to Claim 15 is a flexible tube according to 



10 

Claim 1 wherein a partition is disposed that splits the exhaust path in a 
direction from the exhaust gas inlet to the exhaust gas outlet. 

According to the invention of Claim 15, by providing a flexible part on a 
partition that splits the exhaust path of the inner bellows, the partition 
5 steady and flexibly accommodates the displacement of the inner bellows. 

The invention according to Claim 16 is a flexible tube according to 
Claim 15 wherein the partition has adhesive surfaces for attaching to the 
inner periphery of the inner bellows, and has a flexible part for allowing the 
partition to freely displace. 
10 According to the invention of Claim 16, by providing the partition with a 

flexible part for allowing the partisan to freely displace, which flexible part 
includes bellows in the form of plate formed of steel plate having spring 
property, free displacement of the main body of the inner bellows is allowed. 

The invention according to Claim 17 is a flexible tube according to 
15 Claim 16 wherein the flexible part for allowing the partition to freely displace 
includes bellows in the form of plate formed of steel plate having spring 
property. 

According to the invention of Claim 17, by providing bellows in the form 
of plate formed of steel plate having spring property, turbulence in the 
20 exhaust gas is suppressed, the loss of the flow is reduced, leading to the 
improvement in the flow efficiency and thus in the output of the engine. 

The invention according to Claim 18 is a flexible tube according to 
Claim 16 wherein the flexible part for allowing the partition to freely displace 
includes a plurality of steel plates having spring property, one end part 
25 thereof being fixed to the partition on the inlet side in such a manner that the 
partition is clamped by the steel plates, and the other end part thereof 
holding the partition on the outlet side in such a manner that the partition is 
clamped by the steel plates. 

According to the invention of Claim 18, instead of by providing a bellows 
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in the form of a plate, by providing the flexible part including two steel plates 
having spring property, one end part thereof being fixed to the partition on 
the inlet side in such a manner that the partition is clamped by the two steel 
plates, and the other end part thereof holding the partition on the outlet side 
5 in such a manner that the partition is clamped by the two steel plates, 
expensive bellows is not necessary, and an inexpensive flexible part can be 
introduced easily. Moreover, as compared with the flexible tube having a 
flexible part with bellows, turbulence in the exhaust gas is suppressed and 
the loss of the flow is reduced, leading to the improvement in the flow 
10 efficiency and thus in the output of the engine. 

Brief description of drawings 

In Fig. 1, (a) shows a half sectional view of the flexible tube according to 
a first embodiment of the present invention, (b) shows a half sectional view 

15 of the flexible tube according to a second embodiment of the present invention, 
(c) shows a half sectional view of the flexible tube according to a third 
embodiment of the present invention, (d) shows a half sectional view of the 
flexible tube according to a fourth embodiment of the present invention. 

In Fig. 2, (a) shows a half sectional view of the flexible tube according to 

20 a fifth embodiment of the present invention, (b) shows a half sectional view 
of the flexible tube according to a sixth embodiment of the present invention, 
(c) shows a half sectional view of the flexible tube according to a seventh 
embodiment of the present invention, (d) shows a half sectional view of the 
flexible tube according to an eighth embodiment of the present invention. 

25 In Fig. 3, (a) shows a half sectional view of the flexible tube according to 

a ninth embodiment of the present invention, (b) shows a half sectional view 
of the flexible tube according to a tenth embodiment of the present invention, 
(c) shows a half sectional view of the flexible tube according to an eleventh 
embodiment of the present invention. (d) shows a sectional view of a 



12 

modified embodiment of positioning of the interference prevention means 
shown in (a) and (b). (e) shows a sectional view of a modified embodiment of 
the spherical joint shown in (c). 

In Fig. 4, (a) shows a half sectional view of the flexible tube according to 
5 a twelfth embodiment of the present invention, (b) shows a half sectional 
view of the flexible tube according to a thirteenth embodiment of the present 
invention, (c) shows a half sectional view of the flexible tube according to a 
fourteenth embodiment of the present invention. 

Fig. 5 shows a sectional view of a flexible tube according to a fifteenth 
10 embodiment of the present invention, (a) shows a half sectional plan view of 
the tube, (b) shows a partially sectional front view, (c) shows a left side view 
of (b), and (d) shows a modified embodiment of the flexible part d. 

In Fig. 6, (a) shows a half sectional plan view of the flexible tube 
according to a sixteenth embodiment of the present invention, (b) shows a 
15 partially sectional front view, (c) shows a modified embodiment of (b). (d) 
shows a left side view of (b). 

In Fig. 7, (a) shows a partially sectional front view of the modified 
flexible tube according to a seventeenth embodiment of the present invention, 
(b) shows a left side view of (a), (c) shows a right side view of (a), and (d) 
20 shows a modified embodiment of (a). 

In Fig. 8, (a) shows a partially cutaway perspective view of an exhaust 
system connected to an engine of a conventional or existing automobile, (b) 
shows a schematic diagram of (a), and (c) shows a diagram in which the 
flexible tube is disposed downstream of the catalytic converter C. 
25 Fig. 9 shows a half sectional view of a conventional flexible tube. 

Best mode for carrying out the invention 

The mode for carrying out the present invention will be described in 
detail below with reference to the accompanying drawings. 
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<First embodiment> 

Fig. 1 (a) shows a half sectional view of a flexible tube according to a 
first embodiment of the present invention. As shown in Fig. 1 (a), the 
flexible tube 10 includes protectors 1,1, an outer blade 2, an outer bellows 3, 
5 an inner bellows 4, an auxiliary pipe 5 and an interference prevention 
member 6. A buffering space S is provided with a gap t between the pleats 
bottoms (inner diameter) of the outer bellows and the pleats tops (outer 
diameter) of the inner bellows. The flexible tube 10 has, for example, a 
diameter of 0 90 mm at the thickest portion and the overall length of 
10 approximately 200 mm. 

The protectors 1 are provided on both end parts of the flexible tube 10. 
The cross section of the protector 1 is nearly L shaped. On the inner 
periphery of the protector 1, the end part of the outer blade 2 is fixedly 
installed, in such a manner that the elevation part of the outer blade 2 is 
15 protected. 

The outer blade 2 is formed of thread of SUS 304 alternately woven, and 
the thread diameter of the blade is <£> 0.4 mm. The blade is formed so that it 
fits to the shape of the outer bellows 3 having smaller diameters at both end 
parts, and both end parts are fixed to the inner periphery of the protectors 
20 1,1. 

The outer bellows 3 is formed of SUS 304, and the thickness of the plate 
is preferably 0.3 mm. The outer bellows 3 includes a bellows (also called 
pleats) 3c and cylindrical parts 3a and 3b at both end parts, and the pleats 3c 
are protected by the outer blade 2 located on the outer periphery of the pleats 

25 3c. 

The inner bellows 4 is made of SUS 316, which is a steel plate having 
higher corrosion resistance to oxidation at high temperatures, as compared 
with that made of SUS 304. The thickness is preferably 0.3 mm. On the 
exhaust gas inlet IN (left side in the figure), a cylindrical part 4a is provided, 
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and the inner bellows is partially tapered in such a manner that the gap t is 
provided between the inner bellows and the outer bellows 3. The flexible 
part of the inner bellows 4 has pleats 4c,4c which are smaller in depth and 
pitch than those of the outer bellows 3. 
5 The auxiliary pipe 5 has a cylindrical part 5b provided on the exhaust 

gas outlet OUT side (right side in the figure), and the pipe is partially tapered 
in such a manner that a cylindrical auxiliary pipe 5 is located outside of the 
inner bellows 4, i.e., between the outer bellows 3 and the inner bellows 4, and 
an overlapping space a is provided where the inner bellows 4 and the 

10 auxiliary pipe 5 overlap each other with a certain gap. The axial length of 
the overlapping space a is preferably from 30 to 50 mm. 

To the ring-shaped space created by the difference in size between the 
inner diameter <£ dl and the outer diameter <t> d2 in the overlapping space a, 
an interference prevention member 6 is fitted. The longitudinal position of 

15 the interference prevention member 6 is guided by two protrusions 4d and 5d, 
as claimed in Claim 3. The protrusion 4d is formed in the vicinity of the 
right end part of the outer periphery of the inner bellows 4. The protrusion 
5d is formed in the vicinity of the left end part of the inner periphery of the 
auxiliary pipe 5. These two serves to position the interference prevention 

20 member. 

The configuration of the protrusions can be those shown in Figs. 3(a) 
and 3(b) which will be described below. 

The interference prevention member 6 is made of mesh wire. The 
mesh wire is a ring-shaped or Oshaped article made by laminating layers 
25 each formed by continuously weaving a metal thread. Such a structure 
provides the article with excellent durability and elasticity, as well as 
remarkable effects in shock absorption, vibration isolation, noise attenuation, 
heat exchange, filtration, thermal storage and the like. The distance 
between two protrusions 4d and 5d is set larger to some extent than the 
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width of the interference prevention member 6 so as to allow the interference 
prevention member 6 to slide axially or rotate. As a result, kinetic energy 
due to the vibration or noise is converted into inertial energy and frictional 
heat and consumed as frictional heat, leading to attenuation of the vibration 
5 and noise. 

In order to dispose the interference prevention member 6 to the 
predetermined position, it will suffice to install the member 6 on the inner 
bellows or the auxiliary pipe prior to providing the overlapping space. 

On the right end part of the inner bellows 4, the interference prevention 
10 member 6 is provided, and on the both sides of the member 6, the protrusions 
4d and 5d are formed. With this structure, the gap t is secured between the 
pleats bottoms of the outer bellows 3 and the pleats top of the inner bellows 4, 
which creates the nearly cylindrical space as a buffering space S with the gap 
t. 

15 As a result of this double structure, sound insulation effect is improved, 

and the heat of the exhaust gas is maintained, and thus the lowering of the 
temperature is suppressed, leading to quick temperature rise of the exhaust 
gas to be fed into the catalytic converter, thereby promoting the activation of 
the catalysts and the purification of the exhaust gas components. 

20 Now, the operation and effect of the first embodiment are explained. 

For example, as shown in Figs. 8(a) and (b), the upstream (left end in 
the figure) of the flexible tube 10 is connected to the exhaust manifold Ml 
and the downstream (right end in the figure) is connected to the catalytic 
converter C. The buffering space S with the gap t relative to the inner 

25 diameter of the outer bellows 3 (see Fig. 1(a)) is also provided around the 
overlapping space a as claimed in Claim 2 in which the inner bellows 4 and 
the auxiliary pipe 5 overlap each other. In the overlapping space a, the 
inner bellows 4 and the auxiliary pipe 5 overlap each other with the sufficient 
gap in the radial direction and with the sufficient length in the axial direction, 
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and the interference prevention member 6 is held on to fit the gap provided in 
the overlapping space a. The longitudinal position of the interference 
prevention member 6 is guided by means of one protrusion 4d formed in the 
right end part of the inner bellows 4 on the outer periphery and one 
protrusion 5d formed in the right end part of the auxiliary pipe 5 on the inner 
periphery. 

The exhaust gas from the cylinders of the engine E is collected through 
the exhaust manifold Ml as one flux, and passes through the inner tube of 
the flexible tube 10. At this time, sound insulation effect is obtained by the 
double structure configured by the outer bellows 3 and the inner bellows 4 
with the auxiliary pipe 5. In addition, excellent thermal effect is also 
obtained and thus the lowering of the temperature is suppressed, leading to 
quick temperature rise of the exhaust gas to be fed into the catalytic 
converter C, thereby promoting the activation of the catalysts and the 
purification of the exhaust gas components. Further, the presence of the 
interference prevention member 6 prevents the outer bellows 3 and the inner 
bellows 4 from interfering with each other. Because the interference 
prevention member 6 is allowed to rotate or slide, kinetic energy due to the 
vibration or noise is converted into inertial energy and factional heat and 
consumed as frictional heat, leading to attenuation of the vibration and noise. 
<Second embodiment> 

Fig. 1(b) shows a half sectional view of a flexible tube according to a 
second embodiment of the present invention. As shown in Fig. 1(b), a 
flexible tube 10a includes protectors 1,1, an outer blade 2, an outer bellows 3, 
an inner bellows 4, an auxiliary pipe 5 and an interference prevention 
member 6. The inner bellows 4 is separated into two pieces, inner bellows 
4e and 4f. 

On the right end part of the inner bellows 4e, a spherical surface is 
provided whose convex outer periphery having a radius R with its center 
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aligned on the axis of the inner bellows can rotatably slide (hereinbelow, this 
spherical surface is referred to as "outer spherical surface"). On the left end 
part of the inner bellows 4f, a spherical surface is provided whose convex 
inner periphery having a radius R with its center aligned on the axis of the 
5 inner bellows can rotatably slide (hereinbelow, this spherical surface is 
referred to as "inner spherical surface"). The outer spherical surface and the 
inner spherical surface engage and pivotally support each other to provide a 
spherical joint F that can rotatably slide. Other components, which are the 
same as those illustrated in Fig. 1(a), are designated with the same reference 

10 characters, and thus a duplicate description is omitted. 

In short, the term "outer spherical surface" means a spherical surface 
whose convex outer periphery having a radius R can rotatably slide, and the 
term "inner spherical surface" means a spherical surface whose convex inner 
periphery having a radius R can rotatably slide. The part where the outer 

15 spherical surface and the inner spherical surface are rotatably and slidably 
engaged is referred to as "spherical joint," hereinbelow. 

It should be noted that the radius R of the outer periphery of the outer 
spherical surface and the radius R of the inner periphery of the inner 
spherical surface is naturally different in size by the amount of gap 

20 corresponding to the dimensional tolerance. 

As explained above, by providing the spherical joint F on the inner 
bellows 4, durability against free bend, shear and the like is remarkably 
improved, leading to the flexible tube with prolonged life. 
<Third embodiment> 

25 Fig. 1(c) shows a half sectional view of a flexible tube 10b according to a 

third embodiment of the present invention. In Fig. 1(c), the protectors 1,1, 
the outer blade 2 and the outer bellows 3 are omitted, but in practice, the 
tube has a structure similar to that shown in Fig. 1(b). In this third 
embodiment, another spherical joint G is provided, in addition to the 
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above-mentioned spherical joint F shown in Fig. 1(b). Here, the spherical 
joint G is explained. 

The inner bellows 4 is separated into three pieces, inner bellows 4e, 4f 
and 4g. Referring to the spherical joint G, an outer spherical surface (male 
5 form) is provided on the right end part of the inner bellows 4f, and the inner 
spherical surface (female form) is provided on the left end part of the inner 
bellows 4g. In addition, the outer spherical surface and the inner spherical 
surface engage and pivotally support each other to provide a spherical joint G 
that can rotatably slide. Other components, which are the same as those 
10 illustrated in Fig. 1(b), are designated with the same reference characters, 
and thus a duplicate description is omitted. 

On the inner bellows 4f between the spherical joint F and the spherical 
joint G, pleats 4c may be provided. 

It should be noted that, the term "inner bellows" means an inner tube in 
15 the shape of bellows, however in this description, an inner tube having at 
least one spherical joint is also referred to as "inner bellows". 

As mentioned above, by providing the spherical joint F and the spherical 
joint G on the inner bellows 4, durability against free bend, shear and the like 
can be remarkably improved, leading to the flexible tube with prolonged life. 
20 <Fourth embodiment> 

Fig. 1(d) shows a half sectional view of a flexible tube 10c according to a 
fourth embodiment of the present invention as claimed in Claim 8. As 
shown in Fig. 1(d), the protectors 1,1, the outer blade 2 and the outer bellows 
3 are omitted, as in Fig. 1(c), but in practice, the tube has a similar structure 
25 to that shown in Fig. l(b). In this fourth embodiment, the spherical joints F, 
G, which are the same as those illustrated Fig. 1(c), are designated with the 
same reference characters, and thus a duplicate description is omitted. 

The flexible tube 10c includes the protectors 1,1, the outer blade 2, the 
outer bellows 3, an inner bellows 4 and an auxiliary pipe 5. This 



19 

embodiment differs from Fig. 1(c) showing the third embodiment in that the 
interference prevention member 6 is not provided, and the inner bellows 4g is 
attached to the auxiliary pipe 5 but with a gap provided therebetween that 
allows them to slidably move relative to each other. The expression "a gap 
5 that allows them to slidably move" means that no interference prevention 
member is present in the overlapping space and a gap is set so that the 
bellows can slidably move, or a lubricant is applied to the gap to facilitate 
slide movement. 

In addition, on the inner bellows 4f, pleats 4c may be provided. 

10 As shown above, with respect to the inner bellows 4g, various 

modifications, even omission of the interference prevention member 6, are 
possible depending on the structure. For this reason, the weight and cost 
can be reduced. In addition, by providing the spherical joint F and spherical 
joint G that can roratably slide attained by the combination of the outer 

15 spherical surface and the inner spherical surface, durability against free bend, 
shear and the like can be remarkably improved, leading to the flexible tube 
with prolonged life. 

It is preferable that a high-temperature lubricant be applied to the 
engagement part of the spherical joints F and G, and the sliding part between 

20 the auxiliary pipe 5 and the inner bellows 4g. The high-temperature 
lubricant may be a dry film lubricant for high temperature containing 
molybdenum, and applicable examples may include Moly Dry Spray 5510, 
Moly Dry 5511 (liquid form) (manufactured by Sumico Lubricant Co., Ltd), 
dry films, etc. 

25 <Fifth embodiment> 

Fig. 2(a) shows a half sectional view of a flexible tube 20 according to a 
fifth embodiment of the present invention as claimed in Claim 2. The 
flexible tube 20 shown in Fig. 2(a) will now be described only with respect to 
the differences from Fig. 1. Those parts corresponding to the components of 
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Fig. 1 are identified with the same reference characters. As shown in Fig. 
2(a), the flexible tube 20 includes protectors 11,11, an outer blade 2, an outer 
bellows 13, an inner bellows 14, an auxiliary pipe 15, and an interference 
prevention member 16. 
5 The protectors 11 are provided on both end parts of the flexible tube 20, 

and the cross section of the protector is nearly S~shaped. The outer blade 2 
is protected by the protectors 11,11 and the outer periphery of the outer 
bellows 13 is protected by the outer blade 2. 

The outer bellows 13 has pleats 13c provided thereon. The auxiliary 

10 pipe 15 is a straight pipe, while the outer diameters of the cylindrical parts 
13a and 13b at both end parts are made smaller than the bottom diameter 
(inner diameter) of the pleats 13c in such a manner that the buffering space S 
between the inner bellowsl4 and the outer bellows 13 is secured. The outer 
bellows 13 is welded or adhered to the inner periphery of the protectors 11,11 

15 with the outer blade 2 placed therebetween. 

The inner bellows 14 has a cylindrical part 14a on the inlet IN side, 
while the auxiliary pipe 15 has a cylindrical part 15b on the outlet OUT side, 
and the cylindrical parts are connected to each other via the outer blade 2 
and the outer bellows 13 in such a manner that the cylindrical parts are 

20 aligned along the inner periphery of the protectors 11,11. 

As shown in Fig. 2(a), the left side of the inner bellows 14 is partially 
tapered from the cylindrical part 14a toward the right to have a smaller 
diameter, creating the buffering space S between the inner bellows and the 
outer bellows 13. The cylindrical part 15b is provided on the outlet OUT at 

25 the right side. On the outer periphery side of the inner bellows 14, in other 
words, between the outer bellows 13 and the inner bellows 14, a cylindrical 
auxiliary pipe 15 is provided, and overlapping space a is provided where the 
inner bellows 14 and the auxiliary pipe 15 overlap each other. 

In the overlapping space a, a ring-shaped space is provided, and to this 
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space is fitted an interference prevention member 16 having a size that fills 
the difference between the inner diameter <f> dl and the outer diameter <$> d2. 
The longitudinal positioning of the interference prevention member 16 is 
guided by one protrusion 14d formed on the outer periphery of the right end 
5 part of the inner bellows 14, and one protrusionlSa formed on the inner 
periphery of the right end part of the auxiliary pipe 15. The explanations for 
the operation are the same as those explained with respect to the first 
embodiment, and thus omitted. 
<Sixth embodiment> 

10 Fig. 2(b) shows a half sectional view of a flexible tube 20a according to a 

sixth embodiment of the present invention as claimed in Claim 10. As 
shown in Fig. 2(b), the flexible tube 20a includes protectors 11,11, an outer 
blade 2, an outer bellows 13, an inner bellows 14 and anO interference 
prevention member 16a. The inner bellows 14 is separated into two parts, 

15 14e and 14f. The right end part of the inner bellows 14e and the left end 
part of the inner bellows 14f pivotally support each other to provide a 
spherical joint F that can rotatably slide. The interference prevention 
member 16a has a nearly circular cross section. 

This embodiment is different from Fig. 2(a) showing the fifth 

20 embodiment in that the interference prevention member 16a is held without 
the auxiliary pipe. As shown in Fig. 2(b), a ring-shaped or Oshaped 
interference prevention member 16a having a nearly circular cross section is 
held in a recess 13d provided in the outer bellows 13, and comes into contact 
with the outer periphery of the inner bellows 14f. In addition, a spherical 

25 joint F is provided on the inner bellows 14. Other components, which are 
the same as those illustrated in Fig. 2(a), are designated with the same 
reference characters, and thus a duplicate description is omitted. 

As mentioned above, by providing the spherical joint F that can 
rotatably slide on the inner bellows 14, and by holding the interference 
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prevention member 16a having a nearly circular cross section in the recess 
13d provided in the outer bellows 13, durability against tensile, compression, 
free bend, shear and the like is remarkably improved, leading to the flexible 
tube with prolonged life. 
5 <Seventh embodiment> 

Fig. 2(c) shows a half sectional view of a flexible tube 20b according to a 
seventh embodiment of the present invention as claimed in Claim 11. In Fig. 
2(c), the protectors 11,11, the outer blade 2 and the outer bellows 13 are 
omitted, but in practice, the tube has a similar structure to that shown in Fig. 
10 2(b). In this seventh embodiment, spherical joints Fa and Ga are provided, 
which have different structures from that of the spherical joint F shown in 
Fig. 2(b). 

First, the spherical joint Fa is explained. The inner bellows 14 is 
separated into two pieces, inner bellows 14e and inner bellows 14f. On the 

15 cylindrical outer periphery of the inner bellows 14e, protrusions 14g and 14h 
are formed. The interference prevention member 16b is positioned from 
both sides utilizing the protrusions 14g and 14h. In addition, on the outer 
periphery (upper face) of the interference prevention member 16b, an outer 
spherical surface (male form) is provided. On the left end part of the 

20 adjacent inner bellows 14f, an inner spherical surface (female form) is 
provided. In combination, they provide a spherical joint Fa. In the siame 
manner, a spherical joint Ga is provided. 

Other components, which are the same as those illustrated in Fig. 2(a), 
are designated with the same reference characters, and thus a duplicate 

25 description is omitted. It should be noted that the inner spherical surface 
can be made on the inner bellows 14g, instead of on the inner bellows 14f. In 
addition, pleats 14c may be provided on the inner bellows 14f. 

As mentioned above, by placing the interference prevention members 
16b and 16c, each having the outer spherical surface, on the inner bellows 14, 
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and by providing the spherical joint Fa and the spherical joint Ga that can 
rotatably slide in the longitudinal direction (shown as an arrow in the figure) 
on the adjacent inner bellows 14, durability against tensile, compression, free 
bend, shear and the like is remarkably improved, leading to the flexible tube 
5 with prolonged life. 

<Eighth embodiment 

Fig. 2(d) shows a half sectional view of a flexible tube 20c according to 
an eighth embodiment of the present invention. In Fig. 2(d), the protectors 
11,11, the outer blade 2 and the outer bellows 13 are omitted, but in practice, 
10 the tube has a similar structure to that shown in Fig. 2(b). In this eighth 
embodiment, spherical joints Fb and Gb are provided, which have different 
structures from those of the spherical joints Fa and Ga shown in Fig. 2(b), 
and the interference prevention member 16e is provided. 

Hereinbelow, the spherical joint Fb is explained. The inner bellows 14 
15 is separated into three pieces, 14e, 14f and 14g. 

On the right end part of cylindrical part of the inner bellows 4e, a 
protrusion 14g is formed, and on the inner periphery of the interference 
prevention member 16d, a groove is formed for engaging with the protrusion 
14g. Then the interference prevention member 16d is attached to the 
20 protrusion 14g. On the interference prevention member 16d, an outer 
spherical surface (male form) is provided. On the adjacent inner bellows 14g, 
an inner spherical surface (female form) is provided, and the combination 
thereof provides a spherical joint Fb. 

In the same manner as the spherical joint Fb, a spherical joint Gb is 
25 provided on the right side. 

Further, an interference prevention member 16e is provided. In order 
to prevent the interference prevention member 16e from being detached, on 
either the outer periphery or the inner periphery of the interference 
prevention member 16e, an adhesive is applied, and on the other periphery a 
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high temperature lubricant is applied. 

Other components, which are the same as those illustrated in Fig. 2(c), 
are designated with the same reference characters, and thus a duplicate 
description is omitted. It should be noted that pleats 14c may be provided on 
5 the inner bellows 14f. 

As mentioned above, the interference prevention member 16d can be 
positioned utilizing one protrusion. In addition, by providing two spherical 
joints on the inner bellows 14, each of which joint can rotatably slide using 
the interference prevention member 16d, durability against free bend, shear 
10 and the like is remarkably improved, leading to the flexible tube with 
prolonged life. 

<Ninth embodiment> 

Fig. 3(a) shows a half sectional view of a flexible tube 30 according to a 
ninth embodiment of the present invention. The flexible tube 30 shown in 
15 Fig. 3(a) will now be described only with respect to the differences from Fig. 2. 
Those parts corresponding to the components of Fig. 2 are identified with the 
same reference characters. 

As shown in Fig. 3(a), the flexible tube 30 includes protectors 11,11, an 
outer bellows 13, an inner bellows 14, a flanged pipe 24, an auxiliary pipe 25 
20 and an interference prevention member 6. 

This embodiment is different from the fifth embodiment shown in Fig. 
2(a) in that the flanged pipe 24 at the inlet IN of the inner bellows 14 and the 
auxiliary pipe 25 are made of thicker plate and the part of the inner bellows 
14 in the vicinity of the outlet OUT is made of thinner plate. In addition, 
25 provision of the flanged pipe 24 formed at the inlet of the inner bellows 14 
makes it possible to make spanning of pleats 14c shorter. 

Moreover, in the overlapping space b where the inner bellows 14 and the 
auxiliary pipe 25 overlap each other, the interference prevention member 6 is 
guided and positioned by two protrusions 14d, 14d formed on the outer 
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periphery of the right end part of the inner bellows 14. 
<Tenth embodiment> 

Fig. 3(b) shows a half sectional view of a flexible tube 30a according to a 
tenth embodiment of the present invention. As shown in Fig. 3(b), the 
5 protectors 11,11, the outer blade 2 and the outer bellows 13 as in Fig. 3(a) are 
omitted, but in practice, the tube 30a has a similar structure to that shown in 
Fig. 3(a). In this tenth embodiment, a spherical joint Fc and a spherical 
joint Gc are provided, and pleats 14c are disposed between the spherical joint 
Fc and the spherical joint Gc. The interference prevention member 6 is held 

10 in the overlapping space b. 

Fig. 3(d) relates to one embodiment as claimed in Claim 3, and shows a 
sectional view of a modified embodiment of the interference prevention 
member 6 in the overlapping space b shown in (a) and (b). As shown in Fig. 
3(d), the interference prevention member 6 can be positioned utilizing two 

15 protrusions 25d,25d on the inner periphery of the auxiliary pipe 25 in the 
overlapping space b. Alternatively, as shown in Fig. 3(a), the interference 
prevention member 6 can be positioned utilizing two protrusions 14d,14d, or 
utilizing the combination of the protrusion 14d and the recess 25d, as shown 
in Fig. 3(b). 

20 <Eleventh embodiment> 

Fig. 3(c) relates to one embodiment as claimed in Claim 11, showing a 
sectional view of the flexible tube 30b according to an eleventh embodiment. 
As shown in Fig. 3(c), the protectors 11,11, the outer blade 2 and the outer 
bellows 13 as in Fig. 3(a) are omitted, but in practice, the tube 30b has a 

25 similar structure to that shown in Fig. 3(a). In this eleventh embodiment, a 
buffering space S is provided between the outer bellows 2 and the inner 
bellows 14 (see Fig. 3(a)). An interference prevention member 16f is held in 
the overlapping space b where the inner bellows 14 and the auxiliary pipe 25 
overlap each other. In the overlapping space b, the auxiliary pipe 25 having 
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an inner spherical surface provided thereon and the inner bellows 14 are 
allowed to rotatably or slidably move relative to each other, with the 
interference prevention member 16f placed therebetween. The inner bellows 
14 is separated into a plurality of pieces and has a spherical joint Fd and an 
outer spherical surface is provided on the interference prevention member 16f 
on the adjacent inner bellows. The outer spherical surface and the inner 
spherical surface pivotally support each other to provide a spherical joint Gd 
that can rotatably slide. 

Fig. 3(e) shows a sectional view of the spherical joint Ge which is a 
modified embodiment of the spherical joint Gd shown in (c). The outer 
periphery of the auxiliary pipe 25 has no protrusions, and a ring-shaped or 
Oshaped interference prevention member 16f is inserted. An outer 
spherical surface is provided on the interference prevention member 16f. On 
the right end part of the inner bellows 14f, an inner spherical surface is 
provided, and the combination of spherical surfaces provides a spherical joint 
Gd. 

In addition, in the overlapping space b where the inner bellows 14f and 
the auxiliary pipe 25 overlap each other, the interference prevention member 
16f is held in such a manner that it is clamped therebetween. With this 
structure, the interference prevention member 16f will not be detached from 
the inner spherical surface of the inner bellows 14f. This configuration is in 
reversed relationship as compared to that of the spherical joint Gd in Fig. 

* 

2(c). 

<Twelfth embodiment> 

Fig. 4(a) shows a half sectional view of a flexible tube 40 according to an 
twelfth embodiment of the present invention. The flexible tube 40 shown in 
Fig. 4 will now be described only with respect to the differences from Figs. 1*3. 
Those parts corresponding to the components of Figs. 1*3 are identified with 
the same reference characters. As shown in Fig. 4, the flexible tube 40 
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includes protectors 1,1, an outer blade 2, an outer bellows 3 and an inner 
bellows 24. 

This embodiment is different from Fig. 1 (the first embodiment) in that 
there is no auxiliary pipe and interference prevention member. The outer 
5 bellows 3 has pleats 3c provided thereon, and on the both end parts, 
cylindrical parts 3a and 3b are provided. The outer bellows 3 is fixed to the 
inner periphery of the protectors 1,1 with the outer blade 2 placed 
therebetween, by means of spot-welding or the like. 

The inner bellows 24 is partially tapered from the cylindrical part 24a 

10 on the inlet IN (left side in the figure) toward the downstream to have a 
smaller diameter, while the inner bellows is partially tapered from the 
cylindrical part 24b on the outlet OUT (right side in the figure) toward the 
upstream to have a smaller diameter, creating the buffering space S with the 
gap t between the pleats bottoms of the outer bellows 3 and the pleats tops of 

15 the inner bellows 4. The inner bellows 24 has pleats 24c,24c provided 
thereon. The inner bellows is fixed to the inner periphery of the protectors 
1,1 via the outer blade 2 and the outer bellows 3. In this embodiment, the 
pleats 24c and the other pleats 24c have the same fold pitch and the same 
number of folds, however, they may have different fold pitch or may be 

20 combined into one bellows. The explanations for the operation and effect are 
the same as those given with respect to the first embodiment, and thus 
omitted. 

<Thirteenth embodiment> 

Fig. 4(b) shows a modified embodiment of the embodiment illustrated in 

25 Fig. 2(b), and shows a half sectional view of a flexible tube 40a according to a 
thirteenth embodiment of the present invention. The flexible tube 40a 
shown in Fig. 4 will now be described only with respect t the differences from 
Figs. 1-3. Those parts corresponding to the components of Figs. 1-3 are 
identified with the same reference characters. As shown in Fig. 4(b), this 
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flexible tube 40a has an overlapping space c where the outer bellows 3 fixed 
to the exhaust gas outlet IN and the inner bellows 24 extending toward the 
exhaust gas outlet OUT overlap each other, and in the overlapping space c, 
the interference prevention member 6 is held. 
5 The spherical joint Fd is formed of the inner spherical surface (female 

form) provided on the right end part of the inner bellows 24e and the outer 
spherical surface (male form) formed by folding up the left end part of the 
inner bellows 24f. The tube can take such a configuration. As shown above, 
by disposing the spherical joint Fd, durability against free bend, shear and 
10 the like is remarkably improved, leading to the flexible tube with prolonged 
life. 

Further, Fig. 4(d) shows a modified embodiment of the spherical joint Fd 
shown in Fig. 4(b). As shown in Fig. 4(d), the outer spherical surface as a 
part of the spherical joint Fe may be formed of the inner bellows 24f, by 

15 turning down the left end part thereof. Other components, which are the 
same as those illustrated in Fig. 1(a), are designated with the same reference 
characters, and thus a duplicate description is omitted. 
<Fourteenth embodiment> 

Fig. 4(c) relates to one embodiment as claimed in Claim 7, showing a 

20 half sectional view of a flexible tube 40b according to a fourteenth 
embodiment of the present invention. The flexible tube 40b shown in Fig. 4 
will now be described only with respect to the differences from Figs. 4(a) and 
4(b). Those parts corresponding to the components of Figs. 4(a) and (b) are 
identified with the same reference characters. As shown in Fig. 4(c), the 

25 interference prevention member 36 has a nearly circular cross section, and 
the inner periphery of the interference prevention member 36 is abutted by 
the outer periphery of the inner bellows 24f. In addition, the interference 
prevention member 36 is held in the groove of the recess 35a provided on the 
auxiliary pipe 35. 
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<Fifteenth embodiments 

Fig. 5 relates to embodiments as claimed in Claims 15 - 18, and Fig. 5(a) 
shows a half sectional plan view of a flexible tube 50 according to a fifteenth 
embodiment, (b) shows a partially sectional front view, and (c) shows a left 
5 side view of (b). The flexible tube 50 shown in Fig. 5 will now be described 
only with respect to the differences from Figs. 1 and 2. Those parts 
corresponding to the components of Figs. 1 and 2 are identified with the same 
reference characters. 

As shown in Fig. 5(a), the flexible tube 50 includes protectors 1,1, an 
10 outer blade 2, an outer bellows 13, an inner bellows 14, an auxiliary pipe 35, 
an interference prevention member 16 and a partition 17 that splits the 
exhaust path. 

As shown in Fig. 5(c), it is preferred that the partition 17 be positioned 
in such a manner that it passes through the center of the inner bellows 14 

15 and splits the cylindrical space defined by the inner bellows 14 into two 
semicylinders. The partition 17 is fixed to the inner periphery of the inner 
bellows 14 via adhesive surfaces e, f, g, h, i and j (see Fig. 5(b)) by means of 
spot- welding, adhesive and the like. 

The partition 17 is in the form of plate as shown in Fig. 5(a), and has 

20 longitudinal protrusions k, k...on the both sides (3 in total, see Fig. 5(c)), 
thereby rendering the tube with strength in the axial direction, and providing 
a guide for exhaust gas flow. 

With respect to the embodiment shown in Fig. 5(b), which relates to 
embodiments as claimed in Claims 16 and 17, a flexible part d has a bellows 

25 17a in the form of plate made of steel having spring property for allowing free 
displacement of the partition. The bellows 17a on the partition 17 is in the 
form of a plate and both end parts of the partition are attached to the inner 
periphery of the inner bellows 14. As a result, turbulence in the exhaust gas 
can be adjusted to laminar flow and the loss of the flow is reduced, leading to 
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the improvement in the flow efficiency and in the output of the engine E. In 
other words, output performance can be increased. 

Fig. 5(d) relates to one embodiment as claimed in Claim 18, showing a 
modified embodiment of the flexible part d of (b). 
5 As shown in Fig. 5(d), the partition 17b is disposed on the inlet side, and 

the partition plate 17c is disposed on the outlet OUT side. The two steel 
plates 17d and 17e having spring property are fixed to the partition 17b in 
such a manner that the partition is clamped between end parts of the plates, 
and the partition plate 17c on the outlet OUT side is inserted between the 

10 steel plates 17d and 17e in such a manner that the partition plate 17c is 
clamped between the other end parts of the plates. 

Each of the steel plates 17d and 17e has a shape similar to that 
obtained by longitudinally cutting an elliptic cylinder along the major axis 
into two. The steel plates 17d and 17e are disposed so that the appearance 

15 looks like a clam shell, and one end part of each of the plates 17d and 17e is 
spot-welded to the partition 17b, while the opposite end parts of the plates 
17d and 17e hold the partition 17c in such a manner that the partition 17c is 
clamped between the plates 17d and 17e. Therefore, when flexure is 
necessary, they flexibly sag, and when the vibration is transmitted to this 

20 area, the partition plate 17c slides vertically or horizontally. As a result, 
vibrational energy is converted into frictional heat, and the vibration is 
reduced. For this reason, an expensive bellows is not necessary, and an 
inexpensive flexible part can be introduced instead. 

Now, the operation and effect of the fifteenth embodiment is explained 

25 in reference to Fig. 5. 

As shown in Figs. 8(a) and (b), a left end of the flexible tube 50 is 
connected to the exhaust manifold Ml, and a right end thereof is connected to 
the catalytic converter C. Referring to Fig. 5, the inner bellows 14 and the 
auxiliary pipe 35 provides an overlapping space c in such a manner that the 
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buffering space S is secured with the gap t between the inner tube of the 
outer bellows 13 and the inner bellows 14. 

In addition, as shown in Fig. 5(c), a partition 17 is disposed on the 
centerline, and the partition 17 splits the cylindrical space defined by the 
5 inner bellows 14 into two semicylinders, and further, the protrusions k, k...on 
the both sides (3 in total) provided on the partition 17, thereby rendering the 
tube with rigidity, and providing a guide for exhaust gas flow. 

The exhaust gas from the cylinders of the engine E is collected through 
the exhaust manifold Ml as one flux, and passes through the inner tube of 

10 the flexible tube 40. Because of the double structure configured by the outer 
bellows 13 and the inner bellows 14 with the auxiliary pipe 35, sound 
insulation effect is obtained. In addition, the heat of the exhaust gas is 
maintained, and thus the lowering of the temperature is suppressed, leading 
to quick temperature rise of the exhaust gas to be fed into the catalytic 

15 converter, thereby promoting the activation of the catalysts and the 
purification of the exhaust gas components. Further, the presence of the 
interference prevention member 16 prevents the outer bellows 13 and the 
inner bellows 14 from interfering with each other, and due to the rotatable or 
slidable movement of the interference prevention member 16, kinetic energy 

20 due to the vibration or noise is converted into inertial energy and frictional 
heat, and consumed as frictional heat, leading to attenuation of the vibration 
and noise. 

In addition, the exhaust path of the inner bellows 14 is split into two 
with the partition 17, and therefore, the turbulence in the exhaust gas can be 
25 adjusted to laminar flow, before they are fed into the catalytic converter C. 
<Sixteenth embodiment> 

Fig. 6 relates to embodiments as claimed in Claims 6, 15 — 18, and Fig. 
6(a) shows a half sectional plan view of a flexible tube 60 according to a 
sixteenth embodiment of the present invention, (b) shows a partially sectional 
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front view, and (d) shows a left side view of (b). The flexible tube 60 shown 
in Fig. 6 will now be described only with respect to the differences from Fig. 5. 
Those parts corresponding to the components of Fig. 5 are identified with the 
same reference characters. 

As shown in Figs. 6(a) and (b), the flexible tube 60 does not have 
auxiliary pipe 35, and includes an inner bellows 14, an interference 
prevention member 36 and a partition 17 that splits the exhaust path. On 
the inner bellows 14, a spherical joint F is provided. 

As shown in Fig. 6(b), an overlapping space c where the outer bellows 13 
fixed to the exhaust gas inlet and the exhaust gas outlet and the inner 
bellows 14 extending toward the exhaust gas outlet OUT overlap each other 
is provided, and the inner periphery of the outer bellows 13 has a recess to 
hold an interference prevention member 36. In addition, the partition 17 
has bellows 17a, as well as bellows 17b. 

Fig. 6(c) shows a modified embodiment of the partition 17 in Fig. 6(b). 
As shown in Fig. 6(c), the partition 17 of the flexible tube 60b does not have 
bellows 17a, and inside of the spherical joint F, bellows 17b is provided. As a 
result, turbulence in the exhaust gas is adjusted to laminar flow and the loss 
of the flow is reduced, leading to the improvement in the flow efficiency and 
in the output of the engine E. 
<Seventeenth embodiment> 

Fig. 7(a) shows a partially sectional front view of the flexible tube 70 
according to a modified embodiment of the seventeenth embodiment of the 
present invention, (b) shows a left side view of (a), (c) shows a right side view 
of (a). The flexible tube 70 shown in Fig. 7 will now be described only with 
respect to the differences from Fig. 6. Those parts corresponding to the 
components of Fig. 6 are identified with the same reference characters. As 
shown in Fig. 7(a), an interference prevention member 18 and a ring 19 are 
added. The ring 19 is fixed to the adhesive surfaces i and j of the partition 
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17 by means of, for example, spot-welding, and the interference prevention 
member 18 is fixed to the ring 19 by means of spot-welding. As a result, the 
interference prevention member 18 and the ring 19 can slide freely in the 
directions of the axis, on the inner periphery m of the inner bellows 14 and on 
5 the outer periphery of the interference prevention member 18, leading to 
absorption of the difference in axial size between the inner bellows 14 and the 
partition 17 caused by thermal expansion. Moreover, the generation of 
stress between the inner bellows 14 and the partition 17 can be suppressed. 
Here, the procedure to assemble the interference prevention member 18 
10 and the ring 19 shown in Fig. 7(a) is explained. 

1. The ring 19 is spot-welded to the adhesive surfaces i and j of the 
partition 17. 

2. The interference prevention member 18 is spot-welded to the ring 19. 

3. In the inner bellows 14, the partition 17 is disposed. 

15 4. The inner bellows 14 is spot-welded to the adhesive surfaces e, f, g and h 
of the partition 17. 

By following such a procedure, the inner bellows 14 and the interference 
prevention member 18 can be assembled together without fixing them to each 
other, and as a result, the partition 17 becomes stretchable at the bellows 

20 17a. 

Fig. 7(d) shows a modified embodiment of (a). As shown in Fig. 7(d), a 
flexible tube 70a is similar to the flexible tube 20c of the eighth embodiment 
shown in Fig. 2(d), and thus brief explanation is made here. As shown in Fig. 
7(d), the inner bellows 14 is separated into three pieces, 14e, 14f and 14g. 
25 On the inner bellows 14, a spherical joint Fb and another spherical joint Gb 
are provided, and the interference prevention members 16d are held. 

With this combination, two bellows are provided inside the spherical 
joints Fb and Gb of the inner bellows 14, which will resolve the difference in 
expansion/contraction degree between the inner bellows 14 and the partition 
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17. 

It is apparent that various modification, alteration, combination can be 
made within the scope of the technical idea in this field. For example, the 
partition 17 disposed in the flexible tube may split the inner periphery of the 
5 inner bellows 14 into right and left, or may split it into 3, 4 or more. Two or 
more spherical joint may be provided. In addition, the combinations of the 
components in the exhaust system A (see Fig. 8(a)) are not limited to those 
shown in Figs. 8(a), (b) and (c). Further, heat insulator and the like may be 
attached or applied to the inner periphery and/or the outer periphery of the 
10 outer bellows, for suppressing thermal conduction, vibration transmission 
and the like. Alternatively, other combinations may be possible. 

Industrial applicability 

According to the flexible tube of the present invention, by providing a 

15 gap as a buffering space between the pleats bottoms of the outer bellows and 
the pleats tops of the inner bellows, the amounts of exhaust sound and heat 
released from the inner bellows are suppressed, thus durability of the outer 
bellows is improved, and the amounts of exhaust sound and heat released 
from the outer bellows can be reduced. In addition, in the case of the tube 

20 disposed upstream of the catalytic converter, the lowering of the temperature 
of the exhaust gas to be fed into the catalytic converter is suppressed, leading 
to quick temperature rise of the exhaust gas to be fed into the catalytic 
converter, thus resulting in improved capability to purify exhaust gas. 



